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(57) A heat resisting steels comprising, on percent- 
age by weight basis, 0.05 to 0.2% of C, not more than 
1.0% of Ni, 9 to 13% of Cr, 0.05 to 1% of Mo, 0.05 to 
0.3% of V, 1 to 3% Of W, 1 to 5% Of Co, 0.01 to 0.1% Of 
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Nb, 0.01 to 0.15% of Ta, 0.003 to 0.03% of a rare earth 
element, 0.003 to 0.03% of Ca and 0.003 to 0.03% of B, 
and the remainder of Fe and unavoidable impurities have 
enhanced high temperature characteristics and are suit- 
able for use in parts of turbine such as turbine rotors, 
turbine blades, turbine disks and bolts. 
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Description 

fifi n ( ~>F THF INVENTION 

This invention relates to heat resisting steels suitable for use in parts of turbine such as turbine rotors, turbine blades, 
turbine disks and bolts. 

RACKfiROUN H OF THF INVENTION 

In the thermal power generation system, there has. been a tendency to drastically increase the steam temperature 
of the steam turbine in order to enhance the generating efficiency. As a result, the required high tenperature garter- 
istics become more strict. Many materials for use in such application have hitherto been ^^.^^^ 
has been known that the development heat resisting steels suggested .n JP-A-2-290950 the term JP-A used her em 
means an unexamined Japanese patent application) and JP-A-4-147948 (the components used are the same but the 
intended uses are different from each other) are excellent in Ngh temperature strength. 

However in order to further enhance the power generation efficiency for use in raw materials for turbines the above- 
mentioned development heat resisting steels do not yet have sufficient high temperature , charactenstrcs. and heat tem- 
perature characteristics including high temperature creep strength need to be further enhanced^ Mm«1ta ^van- 
tonal materials are also problematic in that their toughness is reduced by long-t.me aging at h.gh tempe atore and Mlhus 
their durability is poor. It has been desired to improve the characteristics of the heat res.st.ng steels .nclud.ng the char- 

have* carried outthe improvement in the abovementioned heat resisting steels in light of the following viewpoints 
in order to make it possible to highly enhance the generating efficiency and enhance durability: 

25 (1) Enhancement of high temperature creep strength 

(2) Prevention of deterioration of toughness by long-time aging at high temperature 

(3) Enhancement of toughness 

As a result of our studies, the following means are available for attaining the above objects: 
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(1) The enhancement of high temperature creep strength can be realized by containing Nb. Ta and B and decreasing 

(3 The portion of deterioration of toughness by longtime aging at high temperature canbe realized by decreasing 
the contents of Si, Mn, P, As. Sn and SB «, 
35 (3) The enhancement of toughness can be realized by containing a rare earth element and Ca and decreasing the 

S content. 

The present invention has been done based on the above circumstances, and an object of the P r ^ e * * 
to provide a heat resisting steel having excellent high temperature characteristics and durability by enhancing toehigh 
40 temperature creep strength, preventing the deterioration of the toughness by long-time ag.ng at high temperature and 
enhancing toughness. 

§j IMMARV OF THE INVENTION 

45 The heat resisting steel according to the first aspect of the present invention in order to solve ^ above problerns 
comprises, on percentage by weight basis. 0.05 to 0.2% of C. not more than 1 .0% of Ni. 9 to 13% of Cr. 0.05 to 1%of 
MoTo.05 to 0.3% of V. 1 to 3% of W. 1 to 5% of Co. 0.01 to 0.1% of N. at least one member selectee from £01 to 0.15% 
of Nb 0 01 to 0.1 5% of Ta. 0.003 to 0.03% of a rare earth element, 0.003 to 0.03% of Ca and 0.003 to 0.03% of B. and 
the remainder of Fe and unavoidable impurities. The rare earth element may comprises one or more and include La 

50 The^eaT^es-sting steel according to the second aspect of the present invention is characterized in that in the first 
aspect of the present invention, in the above unavoidable impurities, the allowable content of S. is not more than 0.1% 
that of Mn is not more than 0.15%. and that of Pis not more than 0.01%. 

The heat resisting steel according to the third aspect of the present invent.on .s charactenzed .n that in the f .rst or 

55 second aspect of the present invention, in the above unavoidable impurities, the allowable content of S is not more than 

ooolS^ 
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DETAILED DESCRIPTION OF THE INVENTION 

The functions and the reasons for the restriction of ingredient elements will now be described. 
5 C: 0.05 to 0.2% 

C is an element necessary for accelerating martensite transformation and for bonding to Fe, Cr, Mo. V, Nb, etc. to 
form a carbide to enhance the high temperature strength. From such viewpoints, C requires at least 0.05%. If C is 
contained in an amount exceeding 0.2%, there is a tendency to form a large-sized carbide, deteriorating high temperature 
10 creep strength. For this reason, the content is restricted to from 0.05 to 0.2%. For the same reasons, the content is 
preferably restricted to from 0.09 to 0.13%. 

Ni : not more than 1 .0% 

15 There are two cases where Ni is positively contained and where no Ni is contained. In the case where toughness 
is especially required, Ni is positively required to be added and contained, in which case, if the content exceeds 1%, the 
creep rupture strength is reduced. For this reason, the upper restriction is set at 1%. The preferable range is from 0.25 
to 0.65%. 

Even in the case of adding no Ni, Ni is unavoidably contained in an amount of not more than 0.25%. 

20 

Cr:9to13% 

Cr is an element necessary for enhancing oxidation resistance and anti -corrosion at a high temperature, and is 
required in an amount of at least 9%. However if, the content exceeds 13%, harmful 6-ferrite is formed to deteriorate 
25 high temperature strength and toughness. Therefore, the content is set within the range of 9 to 13%. For the same 
reasons, the content is preferably restricted to from 9.7 to 1 1 .8%. 

Mo: 0.05 to 1% 

30 Mo is solid-solubilized in the alloy to enhance strength both at a high temperature and a low temperature and to 
form a fine carbide, which enhances the high temperature creep strength. This is an element contributing to suppression 
of temper brittleness, and is required in an amount of at least 0.05%. If the content exceeds 1%, a 6-ferrite is formed to 
deteriorate the creep strength. Therefore, the content is restricted to from 0.05 to 1%. For the same reasons, the content 
is preferably from 0.5 to 1%, more preferably from 0.5 to 0.7%. 

35 

V: 0.05 to 0.3% 

V is available for forming a fine carbide and nitrogen carbide to enhance a high temperature creep strength and is 
required in an amount of at least 0.05%. If the content exceeds 0.3%, carbon is excessively fixed to increase the amount 
40 of carbide separated causing a reduced high temperature strength. Therefore, the content is restricted to from 0.05 to 
0.3%. For the same reasons, the content is preferably restricted to from 0.15 to 0.25%. 

W: 1 to 3% 

45 W suppresses the aggregation and enlargement of carbide and is solid-solubilized into the alloy to solid-solubiiize 
and strengthen the matrix and, therefore, is available for enhancing the high temperature strength and is required in an 
amount of at least 1%. However, if the content exceeds 3%, there is a tendency to form a 6-ferrite and a Laves phase, 
which reduce the high temperature strength. Therefore, the content is restricted to from 1 to 3%. For the same reasons, 
the content is preferably restricted to from 1 to 2%, and more preferably from 1 .3 to 1 .6%. 

50 

Co: 1 to 5% 

Co suppresses the formation of 5-ferrite to enhance the high temperature strength. Co is required in an amount of 
1% or more in order to suppress the formation of 6-ferrite, but if rt is contained in an amount exceeding 5%, the ductility 
55 is reduced and the cost is increased. Therefore, the content is restricted to not more than 5%. For the same reasons, 
the content is preferably restricted to from 1 .5 to 4%, and more preferably from 2.0 to 3.5%. 
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N is bonded to Nb, V, etc to form a nitride, enhancing the high temperature creep strength. If the content is not more 
than 0.01%, no sufficient strength can be obtained. Conversely, if it exceeds 0.1%, it is difficult to produce an ingot and 
5 the hot processing ability is changed for the worse. Therefore, the content is restricted to from 0.01 to 0.1%. For the 
same reasons, the content is preferably restricted to from 0.02 to 0.04%, and more preferably from 0.02 to 0.03%. 

Nb and Ta: 0.01 to 0.15% 

10 Nb and/or Ta form a fine carbide and carbo-nitride to enhance the high temperature strength and attain fine grain 
microstructure to enhance the low temperature toughness and, thus, they are contained alone or jointly. In order to 
exhibit such effects, it is required to contain them in an amount of at least 0.01%. However, if they are contained in an 
amount exceeding 0.15%, a large-sized carbide and nitrogen carbide are separated for reducing the toughness. There- 
fore, the upper limit is set at 0. 1 5%. In the case of joint use, the content of (Nb + Ta) is preferably not more than 0. 1 5%. 

15 More desirably, the content of (Nb + Ta) is from 0.03 to 0.08%. 

Rare earth elements: 0.003 to 0.03%; Ca: 0.003 to 0.03% 

The rare earth elements and Ca have functions of deacidif ication and desulfurization and, thus, the single or joint 
20 addition of the rare earth elements and Ca makes it possible to control the shape and distribution of internally existing 
non-metal impurities. As a result, the absorption impact energy is enhanced to improve the toughness. Therefore, they 
are optionally contained. 

However, rf the content is not more than 0.003%, the functions and effects described above cannot be exhibited. If 
they are contained in an amount exceeding 0.03%, oxides are excessively formed which reduce the cleanliness, resulting 
25 in reduced impact toughness. Therefore, the contents of the rare earth elements and Ca are restricted to the ranges 
described above. 

B: 0.003 to 0.03% 

30 A trace content of B increases hardenability to enhance the toughness and, at the same time, suppresses the 
separation and aggregation of the carbide in the interface and interior of particles to contribute to enhancement of the 
high temperature creep strength. However, rf the content is less than 0.003%, the above effects are insufficient, while if 
it exceeds 0.03%. the high temperature creep ductility is drastically reduced. Therefore, the content is restricted to from 
0.003 to 0.03%. For the same reasons, the content is preferably restricted to from 0.005 to 0.02%. 

35 

(Unavoidable impurities) 
Si: not more than 0.1% 

40 Si is usually utilized as a deacidrfication agent, but if the Si content is too high, segregation in the steel is increased 
and sensitivity to tempering brittleness becomes very high and loses the cutting toughness; furthermore, when being 
stored at a high temperature for a long period of time, the change of the state of the separations is accelerated, causing 
the deterioration of the toughness by long-time aging at high temperature. Therefore, the content of Si is desirably 
reduced as much as possible. Considering the commercial scale, the content is restricted to not more than 0.1%. For 

45 the same reasons, the content is preferably restricted to not more than 0.05%, and more preferably not more than 0.03%. 

Win: not more than 0.1 5% 

Mn is generally used as a deacidrfication and desulfurization agent during the course of melting. However, since 
so Mn is bonded to S to form a non-metallic inclusion which reduces the toughness and, at the same time accelerates the 
deterioration of toughness by long-time aging at high temperature and reduces the high temperature creep strength, 
the content of Mn is desirably reduced. At present, with the development of refining technologies such as furnace refining, 
the reduction of the amount of S becomes easy and thus, the need for the addition of Mn as a desulfurization agent is 
reduced, in the present invention, Mn is considered as an unavoidable impurity and the allowable content is restricted 
55 to not more than 0.15% considering the limitation of the refining technology. The content is preferably restricted to not 
more than 0.1%, and more preferably less than 0.05%. 
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P: not more than 0.01% 

P is an element which increases the sensitivity to temper brittleness and accelerates the deterioration of toughness 
by long-time aging at high temperature. It is, therefore, desirable for reducing the deterioration by longtime aging at high 
5 temperature and improving the reliability to reduce the content as much as possible. Considering the limitation of refining 
technology, the allowable content is restricted to not more than 0.01%. The content is preferably restricted to not more 
than 0.008%. and more preferably not more than 0.005%. 

S: not more than 0.005% 

10 

Since S accelerates the formation of macro-uneven separation in a large-sized steel mass and forms together with 
Mn, Fe, Nb, V, etc. a sulfide which deteriorates the toughness, the content is desirably reduced as much as possible. 
Considering the limitation of refining technology, the allowable content is restricted to not more than 0.005%. 

15 As: not more than 0.005%, Sn: not more than 0.005%, Sb: not more than 0.003% 

As, Sn, and Sb are elements which increase the sensitivity to temper brittleness similar to P, and, thus, they are 
desirable to be reduced as much as possible. However, these impure elements are unavoidably contained in the raw 
material, and it is difficult to remove them by refining. Therefore, minimal content is largely due to strict selection of the 
20 raw material. From the view point of reducing the sensitivity to temper brittleness, the As content is restricted to not more 
than 0.005%, Sn to not more than 0.005%, and Sb to not more than 0.003%. 

EXAMPLE 

25 Using the compositions as shown in Tables 1 and 2 as the target values, 50 kg of each steel mass was melted in a 
vacuum induction furnace, forged at 1 1 50°C, then into a shape of rotor shaft. From these forged materials, test materials 
were cut, heat treatment was carried out to simulate actual heat histories of rotor shaft corresponding to shaft core. To 
be specific, oil hardening was applied from a temperature of 1050°C, and thereafter a first tempering was applied at 
570°C, and then a second tempering was applied at 700°C to make test samples. 

30 The test samples after tempering were subjected to a high temperature creep test and an impact test. The tempered 
test samples were subjected to an ageing treatment at 600°C and 400°C for 3,000 hours and then to an impact test. 
The results of the creep test were shown as the breaking time at 680°C and at a load of 1 7.5 kgf/mm2. The results of 
the impact test are shown as AFATT which is a difference between FATT (fracture appearance transition temperature) 
after the ageing treatment and FATT of the test sample which was only applied to tempering. The test results are shown 

35 



40 



45 



50 



55 



5 



BNSDOCID: <EP 0691416A1 J_> 



EP0 691 416 A1 



in Table 3. 



00 ID O 

O O rH 

o o o 

o o © 



m 
o 



a\ o m o 

o «-i o *h 

t o o o o 

© o o o 



70 



CN 

o 





CD 




in 


r- 




r- 


o 




in 


in 


o 


o 




o 


o 




o 


rH 




o 


O 


o 


o 


1 


o 


o 


I 1 


o 


o 


1 


o 


o 


o 


o 




o 


o 




o 


o 




o 


o 




•H 


no 






00 




CD 






CN 




CN 


CN 




rH 


o 






rH 




CM 


I 


o 


1 O 


1 


o 


1 o 


1 


o 


1 o 


1 


O 




o 


o 




o 


o 




o 


o 




o 



15 



o 
o 



20 



CN rH ^ 
CN CN CN 

Zj o o o 



VDCNrOCOrO0OCN^*i— I 
CNrNCNCNCNCNCNCNCN 

ooooooooo 



rH O V£) O 
CN CN CN CN 

o o o o 



o o 



o o o 



O O ~o o o o 



25 



30 



35 



C 

i 

Q) 
*H 
W 

o 



vor^-r— m in m vo in 
oooooooo 

oooooooo 



^o^^incooovoin^^vo*otn<=> 

fOfOrni^CNCNCNCN^CNCNCNCNCN^rn 

invxjvoin^ovoinuDinininvoinvooin 
cr»oooocr>rHo%ooo\ooooooo 

HMHMHfMHtNfMHOJNrjOIOJH 

oooooooooooooooo 



40 



t-t m oo o 
m in in 



r^ooinvooocN^iHvoOr- « 
mmininininmin^ooom 



o o o o o o o 



o o o 



o o o 



ooooinrH^ocoOrHoocoto 



Cjl — I «"H O O O 



H H 



o o O t— I •— » 



45 



CN CN CN 

ro ro in 



o o vo in 
«-H in CN CN 



rH r* 

^ rH 



in 

^ in m 



in 



m 
m 



o o o o o o 



O O O © CO 



50 



55 



rH C> 
rH O 



O rH «H 



O cn 

rH O 



o o 

rH rH O 



on 

O 



ro ex* en 

rH O O 



O O O O O O 



o o o 



-p 

C OD 

0) rH 

W Q 

0) g 

>H (0 

PU CO 



cNcn^inor-cocT* 



o o o o 



r-i cn ro ^ in vx> 



BNSDOCID: <EP 0691416A1J_> 



EP0 691 416 A1 



55 



m o vo in 

^ *h o o o 

o o o o o 

o o o o o 



o o in in vo in 

c— I t-H «H O O O 

o o o o o o 

o o o o o o 



10 



oo r-* 

o o 

I o o 

o o 



o 
o 



in 
o 
o 



in 
o 
o 



oo 
o 
o 



o 
o 



vo 
o 
I o 



m m 
o o 
o o 



o o 



CO 

o 



o 



00 

o 
o 



o o 



o 
o 



o 
o 



o 
o 



m 

CM 
O 



15 



tn oo vo in oo 
o o o o o 



m 



Ivo vo vo 
o o o 
oooooooooo 



ooooooooo 



o o o o o o 



20 



vo rn cn 

CN CN CM 

o o o 



•—I o 

CM 

o o 



o o o 



o 

CN 
O 



O 
O 

o 



CM 

o 



CM 
O 



O O O 



m 

CN 

o 
o 



cn 

CN 

o 



r- cn m cn 

<N CN CN CN 

o o o o 



25 



30 



35 











<D 




a 




c 




•H 




4J 




d 




o 




u 


01 




4J 




C 




CD 




e 






«— 1 


.—1 


& 


W 


ca 




H 


>i 




o 




<H 








< 



° 



m n cn m 
o o o o o 



*r m m ro 
o o o o o 



o^ininininoocr»invocNrHcoun^r-HOvo 



^vovoinvocovovovoinvocovovovoinr-vo 



o>cocr>mocNOOcx>c^oooo^ooo voo 

HHHHOJtNfNJfNHHCNNHCNHCNHrN 

oooooooooooooooooo 



40 



45 



voro oOOinororocNrnrOrHvoOCO^c^o 
Svo ioiovD^Lnuou^inin^invovovo^vo 

oo oooooooooooooooo 



o o r* o% 

i— 1 0> O «~l 



U ^ -H 

=1 



roomconoi-HtHTrvornr- 

rHrHOO-H—t'-IOOOOO 



ooroo^cncNr^vo^r^ooocNc^f-irj«cor^ 
uirnr-»rn^i~«^coir>inoro^oin'ct'inin 



oooooooo 



o o o o o 



o o o 



50 



C 0) 

Q) pH 

to D 

<d e 

V-l CO 



OOCJ^OVOvOOOOOC^CnOC^CNO-^O^ 
X^HO«-HOO^»-H«-<'-«OO^tO^-l^-JrHO 

OO OOOOOOOOOOOOOOOO 



r^cxc^OrHCNrn^invoi^cac^OrHCNro'd- 
^^^ojcNCNCMrNicNCNCNCNOjrorornrncn 



BNSDOCID: <EP_ 



_0691416A1_I_> 



EP0 691 416 A1 



s 



to 



cm o O cn i 

t— I I f— I O 

P3| o o o o o 



ooo% 

rH H O 

o o o 



o o o o 



o o 



75 



4 



g I I I I I 



20 



in o CN cm o% 

CM «cT CM r-H 

o o o o o 



CN rH fN 

o o o 



o o o 



o o o o 



25 



o r- 

f-H O 



o 



to vo in in 
o o o o o 



oooooooo 



rn oo U3 r-o ro 



U H h (N N N 



30 



35 



CTiCMOOcncncnO 
oooooooo 



40 



C->rH<NV£>CNVOV£>V£> 



O O O 



O CM 
CM CD 



O O O O O 
rn o 



o o 



45 



o o 



en o 

t-J CM 



en o o 

,-1 CM CM 



•H ^ O *H O O 



oooooooo 



50 



kd OO CT> 

m rn m ro 



o 



CM 



55 



8 



BNSDOCID- <EP 0691416A1J_> 



EP0 691 416 A1 



4 



i i i i i 



i i i 



10 



m i 



CN O 

t-i «— I 

I o o 

o o 



75 



g It I I I I 



20 



oo co in 

^ m in ^ 

o o o o 

o o o 



in in 
o 

o o 



25 



30 



35 



•a 

Q) 

c 

-H 
4J 

c 
o 
u 



dp 



(0 

c 

CD 

e 

Q) 

W 

>i 
O 



O U3 CD 
•H O O 



O 



( m o rn 

(N CM (N iH O 



00 00 O O i-l 
.-H CN CM CM 



O O O O O 



40 



vq vo r~* cm 

CM «— I CM O 



O 
CM 



O O O 



o m o 

CTi O H 



c 

CD 

e 

0) 



45 



50 



u 



o 



00 
ID 



O 



CO 

m 



•HI O *H O 



cm m m in m 



i 

CO 

M CD 

fO CD ^ 
Cb > Q . 

O 4-> fO 

o in 



+J 

M 

rd 
CD 

CD 
M 

to 



W 
Pi 



55 



BNSDOCID: <EP 0691416A1 J_> 



EP0 691 416 A1 



Table 2 
Impurity Elements 





Present 
Sample 


Si 


Mn 


P 


c 
o 




Sn 


Sb 




1 


0.01 


0.02 


0.003 




n no ^ 


0 . 003 


0.001 


10 


2 


0.01 


0 . 01 


0.003 


n n n 9 
U . u u z 


V/ • V U J 


0 . 003 


0.001 




3 


0.01 


0 . 02 


0 . 003 


U . U U z 




0 . 003 


0.001 


15 


4 


0.01 


0 . 01 


0 . 003 


0 . UUZ 


U . U U J 


0.003 


0 .001 


5 


0.01 


0 .01 


0 . 003 


u . U U Z 


n on ^ 


0.003 


0 . 001 




6 


0.01 


0 .01 


0 . 003 


U . 


n n n ** 


0 . 003 


0 .001 


20 


7 


0.01 


0.01 


0 . 003 


n rim 
0 . UUz 


n no ^ 


0.003 


0 .001 




8 


0.01 


0.02 


0 . 003 


0 . UU/ 


n nn^ 

U • j 


0.003 


0 . 001 




9 


0.01 


0.01 


0 . 003 


0.002 


n nn^ 


0 003 


0.001 


25 


10 


0.01 


0.01 


0 . 003 


o . ouz 


U . UU J 


0.003 


0.001 




11 


0.01 


0.01 


0 . 003 


0 . 00Z 


n n n 7 

u . UU J 


0.003 


0 . 001 


30 


12 


0.01 


0 . 02 


0 . 003 


r\ n. n. o 
0 . UUz 


u • UU j 


0.003 


0. 001 




13 


0.01 


0.02 


0 . 003 


0 . UU z 


U . UUj 


0.003 


0. 001 




14 


0.01 


0.01 


0 . 003 


0 . 00 z 


n n n i 

U . UU j 


0.003 


0.001 


35 


15 


0.01 


0.01 


0 . 003 


0.002 


U • UU j 


n 003 


0 . 001 




16 


0.01 


0.02 


0 .003 


0.002 


U . UU j 


n n o 

U • UU J 


0 . 001 


40 


17 


0. 01 


0.01 


0 . 003 


0.002 


U . UU J 


V . uU J 


0.001 


18 


0.01 


0. 01 


0 . 003 


0.002 


U < u U j 


n no i 


0 . 001 




19 


0.01 


0.02 


0.003 


0 . 002 


0 . 003 


U . UUj 


0.001 


45 


20 


0.01 


0. 02 


0.003 


0.002 


0 . 003 


0 .003 


0.001 




21 


0.01 


0.01 


0.003 


0. 002 


0 . 003 


0. 003 


0.001 




22 


0.01 


0. 01 


0.003 


0.002 


0 . 003 


0.003 


0.001 


50 


23 


0.01 


0.02 


0 . 003 


0. 002 


0 . 003 


0.003 


0.001 




24 


0.01 


0 . 10 


0.003 


0. 002 


0 . 003 


0. 003 


0.001 



55 
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Table 2 (continued) 

5 

Impurity Elements 



Present 
Sample 


Si 


Mn 


p 


s 


As 




Sn 


Sb 


25 


0 . 01 


0.01 


0 . 003 


0. 002 


0 . 003 


0 


. 003 


0 . 001 


26 


0 . 01 


0.02 


0 . 003 


0 . 002 


0 . 003 


0 


. 003 


0 . 001 


27 


0 . 01 


0 .01 


0 . 003 


0 . 002 


0 . 003 


0 


.003 


0 . 001 


28 


0 . 01 


0 . 01 


0 . 003 


0 . 002 


0 . 003 


0 


.003 


0 . 001 


29 


0 . 01 


0.01 


0 . 003 


0 . 002 


0 . 003 


0 


.003 


0 . 001 


30 


0 . 01 


0 .01 


0 . 003 


0 . 002 


0.003 


0 


. 003 


0 . 001 


31 


0 . 01 


0 . 02 


0 . 003 


0 . 002 


0.003 


0 


. 003 


0 . 001 


32 


0.01 


0.01 


0.003 


0.002 


0.003 


0 


.003 


0 001 


33 


0.01 


0.01 


0 . 003 


0.002 


0.003 


0 


.003 


0 001 


34 


0.01 


0.10 


0 . 003 


0 . 002 


0.003 


o 


. 003 


0.001 


35 


0 . 13 


0 . 50 


0.019 


0.011 


0.010 


o 


.008 


0.005 


36 


0 . 15 


0.55 


0.018 


0 . 009 


0.011 


o 


. 009 


0.006 


37 


0 . 20 


0.55 


0.019 


0.013 


0.011 


0 


.011 


0 . 005 


38 


0.01 


0.02 


0.003 


0.002 


0.003 


0 


.003 


0.001 


39 


0.01 


0.01 


0.003 


0.002 


0.003 


0 


.003 


0.001 


40 


0.01 


0.01 


0.003 


0.002 


0.003 


0 


.003 


0. 001 


41 


0. 01 


0.02 


0.003 


0.002 


0.003 


0 


. 003 


0. 001 


42 


0.01 


0.01 


0.003 


0.002 


0.003 


0 


. 003 


0.001 



50 
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Table 2 (continued) 

5 

Impurity Elements 

Compara- 



10 


Live 

Sample 


Si 


Mn 


P 




S 


As 


Sn 


Sb 




1 


0. 21 


0.54 


0.021 


0. 


013 


0.011 


0.010 


0.005 




2 


0. 17 


0.56 


0.019 


0 . 


010 


0.011 


0.010 


0.005 


15 


3 


0. 19 


0.55 


0. 020 


0. 


008 


0.010 


0.008 


0.006 




4 


0.18 


0.60 


0.020 


0. 


013 


0.013 


0.008 


0. 006 




5 


0. 18 


0.55 


0.020 


0 


015 


0.011 


0.008 


0.006 
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As is clear from Table 3, in the test samples of the present invention (The inventive steel Nos. 1 to 42), excellent 
characteristics were obtained in all tested Hems in comparison with the comparative samples (Comparative steel Nos. 
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1 to 5). Particularly, the inventive steel Nos. 1-34 and 38-42 containing very few contents of impurity elements show 
prevention of the deterioration in the toughness by long-time aging at high temperature as compared to not only com- 
parative steel Nos. 1-5 but also the inventive steel Nos. 35-37. 

Further, of the inventive steel Nos. 38-42, No. 38 in which all the added elements are contained in the amounts of 
5 preferred range as defined above respectively is apparently excellent in creep rupture time as compared to Nos. 39-42 
in which all the added elements except Mo (No. 39), W (No. 40). or Co (Nos. 41 and 42) are contained in the amounts 
of preferred range. Therefore, it is clear that more excellent characteristics are obtained by adjusting the amounts of the 
added elements to the preferred range as defined above. 

According to the heat resisting steels of the present invention, which have enhanced high temperature character- 
to istics, applying them to a turbine rotor or turbine part, it becomes possible to increase the steam temperature to contribute 
to the enhancement of the generating efficiency. Since the steels possess increased toughness and the deterioration 
of their toughness by long-time aging at high temperature is prevented and, thus, the steels have an effect of improving 
the safety of the plant. 

Moreover, apart from the applications to the turbine rotor and turbine part, they can be provided as raw materials 
15 having excellent high temperature characteristics and durability. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be appar- 
ent to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

20 Claims 

1 . A heat resisting steel comprising, on percentage by weight basis, 0.05 to 0.2% of C, not more than 1 .0% of Ni, 9 to 
1 3% of Cr, 0.05 to 1%of Mo, 0.05 to 0.3% of V, 1 to 3% of W, 1 to 5% of Co, 0.01 to 0.1% of N, at least one member 
selected from 0.01 to 0.15% of Nb, 0.01 to 0.15% of Ta, 0.003 to 0.03% of a rare earth element, 0.003 to 0.03% of 

25 Ca and 0.003 to 0.03% of B, and the remainder of Fe and unavoidable impurities. 

2. A heat resisting steel as claimed in Claim 1 , wherein in the above unavoidable impurities, the allowable content of 
Si is not more than 0.1%, that of Mn is not more than 0.15%, and that of P is not more than 0.01%. 

30 3. A heat resisting steel as claimed in Claim 1 or 2, wherein in the above unavoidable impurities, the allowable content 
of S is not more than 0.005%, that of As is not more than 0.005%, that of Sn is not more than 0.005%, and that of 
Sb is not more than 0.003%. 



35 



40 



45 



50 



55 



17 



BNSDOCID: <EP. 



0691416A1_I_> 



EP0 691 416A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 10 9022 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X,D 



[P-A-0 384 433 (HITACHI METALS LTD) 29 
August 1990 

* Claim 1; Table 1, examples 8 and 11 * 

PATENT ABSTRACTS OF JAPAN 
vol. 014 no. 480 (C-0771) ,19 October 1990 
& JP-A-02 197550 (JAPAN STEEL WORKS 
LTD: THE) 6 August 1990, 

Table 1, examples 9 and 12 * 
abstract * 



Citation of document with indication, where appropriate, 



1-3 



1-3 



PATENT ABSTRACTS OF JAPAN 

vol. 017 no. 247 (C-1059) ,18 May 1993 

JP-A-04 371552 (NIPPON STEEL CORP) 
December 1992, 

Table 1, examples 1,3,5 * 
abstract * 



24 



PATENT ABSTRACTS OF JAPAN 
vol. 018 no. 128 (C-1174) ,2 March 1994 
& JP-A-05 311344 (NIPPON STEEL CORP) 22 
November 1993, 
* Table 1, examples 1,5-7 * 
abstract * 



Relevant 
to claim 



The present search report has been drawn op for all claims 



CLASSIFICATION OF THE 
APPLICATION <lnt.CL6) 



C22C38/18 
C22C38/22 
C22C38/24 



TECHNICAL FIELDS 
SEARCHED (ht.CI.6) 



C22C 



s 

I 



Place of 

MUNICH 



Date of coaaddkm of Ifae aean* 

19 October 1995 



Pivalica-Bjoerk, P 



s 

AC 

o 

a. 

© 



CATEGORY OF CITED DOCUMENTS 



particularly relevant if taken alone 
particularly relevant if combined wit 
document of the same category 
technological background 
disclosure 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 



b ember of the same patent family, corresponding 



18 



BNSDOCID: <EP. 



0691416A1 J_> 



